The interest in integration of Distributed Generation (DG) 
INTRODUCTION
Over the last several years DG integrated into distribution networks continued to grow both in number and size. Governments' incentives and obligations for a sustainable energy ensure that DG is going to be an important element in the future distribution systems. Moreover, a large diffusion of DG is particularly encouraged by the difficulties in obtaining licenses for the expansion and reinforcement of the network to meet increasing load demand and by the liberalization and the introduction of competitive electric markets that had provided lucrative opportunities for independent power producers [1] . Traditional distribution systems have been designed assuming that the primary substation is the sole source of power. DG invalidates this assumption by placing power sources onto the distribution system [2] . Therefore introduction of DG can significantly impact the flow of active and reactive powers and voltage conditions at customers and utility equipment. [3] . So that individual studies are required for determining the exact impact of DG on distribution network in order to draw more benefits from its connection [1] . Several studies in the past investigated the impact of DG on the loadability of distribution networks [4] [5] [6] but only form the steady state Voltage Stability Limit (VSL) point of view. In this paper the loadability of the distribution systems will be evaluated according to two aspects, the Voltage Limit (VL), and VSL. The importance of the VL loadability aspect comes from the practical point of view where the loadability of a distribution system is limited by voltage drop, as most of the distribution feeders are long and operating at low and medium voltage levels [7] . The loadability will be examined with the integration of DG at each node of the system with different penetration levels and different reactive power injections. The tool of loadability evaluation is the Continuation Power Flow (CPF). The impact of DG reactive power on the system losses is also evaluated using Newton-Raphson load flow method. All the results presented in this paper are produced using Power System Analysis Toolbox (PSAT) [8] which is based on MATLAB.
METHODOLOGY AND TEST SYSTEM

Continuation power flow (CPF)
The continuation method is a mathematical path-following methodology used to solve systems of nonlinear equations. Using the continuation method, we can track a solution branch around the turning point without difficulty. This makes the continuation method quite attractive in approximations of the critical point in a power system. The CPF captures this path-following feature by means of a predictor-corrector scheme [9] . The CPF method can be used for determining generator reactive power limits, voltage limits and flow limits of transmission lines. The analysis using CPF method requires steady-state equation of power system models, as follows:
Where x are the state variables, y are the algebraic variables (voltage amplitudes and phases) and λ is the loading parameter, i.e. a scalar variable which multiplies generator and load directions as follows: In (2), (3) and (4) P G0, P L0 , and Q L0 are the base case generator and load powers. K G is the distributed slack bus variable and γ is the generator participation coefficients. The CPF method implemented in PSAT consists of a predictor step realized by the computation of the tangent vector and a corrector step that can be obtained either by means of a local parameterization or perpendicular intersection [10] .
Models of distribution system components
In this paper the following steady state models are used:
The transmission system is modeled as infinite node. The distribution lines are modeled by a general series model containing resistance and reactance. The load is modeled as a constant PQ component. The DG is modeled as a PQ synchronous generator.
Penetration level
The penetration level can be calculated as a function of the total DG power generation (P DG ) over the demand load (P load ).
Test system
The 15-node distribution network [11] used in this paper is depicted in Fig. 1 . It is a balanced three phase radial system that consists of 15 nodes and 14 segments, operating at 11 kV voltage level. It is assumed that all of the loads are fed from the substation located at node 1. The system has 14 loads totaling 1.23 MW and 1.25 Mvar, real and reactive power loads respectively. For each simulation the DG is integrated at one single node starting with node 2 up to node 15. The penetration level varies from 10% over 30%, 50%, and 70% up to 100%. The power factor is also changed from 1.0 over 0.9 to 0.8. The voltage limit for the studied system was taken as ±10% from the nominal voltage level.
SIMULATION RESULTS
VL and VSL classification
To demonstrate the two loadability aspects Figs. 2 and 3 show the loadability according to VL and VSL of the test system as two examples respectively. Figure 2 illustrates the voltage profiles of some selected nodes with the existence of DG at node 13, while the load increased until the voltage reached the minimum voltage limit, i.e. -10% of the nominal voltage. The maximum loading parameter according to the voltage limit of the system without DG is 1.7459. This value becomes 2.0964 with the integration of DG at node 13 with 30% penetration level at 0.9 power factor. Therefore, in the normal operation mode, integration of DG at node 13 increases the VL loadability by 20.1%. As a result the system can be loaded by 431 kW and 439 kvar more than the base case (without DG). Figure 3 shows the static voltage stability limit of the same nodes while the load increased by λ (loading parameter) and a DG integrated at node 13. The maximum loading parameter (λ max ) of the studied system without DG is 5.4991. It can be seen that this value is improved to 5.8365 with the integration of DG. Therefore, integration of DG into distribution networks enhances the voltage stability. Voltage limit loadability Figure 4 shows the maximum loading according to VL while DG is integrated at every node with different penetration levels at 0.9 power factor. It can be seen that as the penetration level increased the priority of the optimal location, for maximizing VL loadability, changed within the weakest area which contains nodes 11, 12 and 13. For example at 10% penetration level node 13 is the optimal location while at 30 and 50% penetration levels nodes 11, 12 and 13 give approximately the same VL loadability, and at 70 and 100% penetration levels node 11 is the optimal location. The reason behind that is the variation of the total losses according to the integration of DG at node 11 and at node 13 as will be seen in the losses evaluation in the next subsection. 
Voltage stability limit loadability
Voltage stability limit loadability is shown in Fig. 5 with integration of different penetration levels of DG at 0.9 power factor. It can be concluded that the trend of the maximum loading according to VSL doesn't changed as the penetration level increased. 
Comparison between VL and VSL results
A difference can be inferred when Figs. 4 and 5 are compared together. For example when the DG is integrated at node 11 and node 15 the same VSL will be obtained, on the other hand a different VL loadability will be obtained. The reason is the location of these two nodes with respect to the weakest node (i.e. node 13). Also DGs at nodes 3 and 4 have different impacts on VSL loadability and that is because node 4 is weaker than 3 from voltage stability point of view. While DGs at these nodes have approximately the same impact on VL loadability and that is because they have the same impact on decreasing the losses. To compare the maximum loadability benefit obtained from integration of DG into the studied system, the maximum improvement of the loadability according to the two aspects is illustrated in Table 1 . From this table, it can be concluded that the VL loadability is improved more than VSL loadability with and without reactive power injection from DG. 
Impact of DG reactive power on losses
The active and reactive power losses of the system with integration of DG are evaluated using Newton-Raphson load flow method. The evaluation is conducted to demonstrate the effect of increasing the reactive power injections from the DG at different penetration levels on the losses of the system. Figures 6 and 7 show the active and reactive power losses respectively. It can be illustrated that at low penetration levels (e.g. 10%) increasing reactive power injected from DG has approximately no effect on decreasing the losses. As the penetration level increases, the reactive power increasing to a certain limit has a good effect on decreasing the losses. While injecting more reactive power beyond this limit has approximately no effect on decreasing the losses at some penetration level (e.g. 30, 50 and 70%) and has a reverse impact (i.e. increases the losses) at other penetration levels (e.g. 100%). As the R/X ratios of the lines of the system are high the ability of decreasing the losses is low. 
CONCLUSIONS
Different loadability aspects and losses of medium voltage distribution networks in presence of DG are investigated in this paper. From the analysis it can be concluded that integration of DG enhances the loadability of the distribution system with respect to the two aspects studied in this work. The DG location has more impact on the loadability than its capacity. The voltage limit (VL) loadability is improved more than the voltage stability limit (VSL) loadability. The optimal location to maximize the loadability according to VL may be changed with the variation of the penetration level. Reactive power has to be controlled because it has a high impact on system losses. Each distribution system has to be studied in details using different analysis techniques when DG is intended to be integrated. With DG, more benefits can be obtained for the operation of the network.
